ABSTRACT Effects of sand versus sawdust as a litter bath substrate in furnished cages for laying hens were studied. The study used 112 Hy-Line White (HYW) and 140 Hy-Line Brown (HYB) layers housed in 18 furnished cages with 14 hens in each cage, generating 4 or 5 replicates per combination of genotype and litter substrate. Traits studied were mortality, feather cover, hygiene of hens, pecking wounds, heterophil/lymphocyte ratios, and hens' use of litter baths. Hens' litter bath use was measured by direct observations and by use of the passive integrated transponder technique. The latter technique allowed for recording of an individual hen's visits to litter baths during the 420-d study. There were no indications of differences between sand and sawdust as litter substrates in mortality rates, exterior appearance, or heterophil/lymphocyte ratios.
INTRODUCTION
Concern for the welfare of laying hens has led to increased minimum standards regarding the housing of layers in the European Union (European Commission, 1999) . Starting in 2012, cages must be furnished with nests and perches, and litter must be provided. These resources are expected to reduce the behavioral restrictions that hens in conventional battery cages suffer (e.g., Baxter, 1994; Craig and Swanson, 1994) , and thereby improve hen welfare. The aim of providing litter is to enable birds to dustbathe in substrate, instead of performing sham dustbathing on the wire floor (Lindberg and Nicol, 1997) , and to perform foraging behavior (i.e., peck and scratch). These behaviors are central in theories regarding the development of feather pecking. Some researchers suggest that feather pecks are misdirected pecks associated with dustbathing (Vestergaard, 1994; Johnsen et al., 1998) , whereas others explain feather pecking as redirected ground pecking, related to foraging (Blokhuis, 1986; Huber-Eicher and Wechsler, 1997; Aerni et al., 2000) . Feather pecking occurs in cages as well as in floor systems (e.g., Abrahamsson et al., 1996b; Wahlström et al., 1998) . Severe feather pecking is not only a welfare problem because of the pain it causes, but may also develop into cannibalism. In addition, heat loss from inferior feather cover leads to economic loss because of greater energy maintenance and thereby greater feed consumption (Tauson and Svensson, 1980; Peguri and Coon, 1993) .
Dustbathing removes stale and excess lipids from the plumage and keeps the downy part fluffy (Van Liere, 1992; Sandilands et al., 2001 ). Peat and sand are both fine substrates with qualities that provide good possibilities for birds to perform complete dustbathing, including all the behavioral elements. With coarse substrates such as wood-shavings, the contact between the litter and bird's proximal integument may not be sufficient, resulting in interrupted and short baths (Van Liere, 1992) . Peat has a disadvantage in creating a lot of dust that, in turn, leads to an inferior environment for the animal caretaker and hens, whereas sand is a grinding substrate that may wear down equipment such as manure belts, flat chain feeders, or augers transporting the manure out of the poultry house. The optimal substrate would be one with qualities that attract birds and stimulate performance of dustbathing and foraging behavior, but also fulfills the requirements prevailing in commercial egg production. The latter requires that the substrate does not impair the working environment, that it can be used in automatic litter distribution systems, and does not harm the equipment.
Birds' use of litter in furnished cages has been studied in early designs (e.g., Appleby and Hughes, 1995) as well as in furnished cages of commercial designs (Olsson and Keeling, 2002; Roll et al., 2005) . In those studies, the use of litter baths was recorded by direct observation during shorter periods of time. However, there is a lack of information on an individual hen's use of litter during a whole production cycle. When long-term studies are to be carried out, or when the aim is to follow individuals in a group of birds, an automatic recording system provides advantages. The passive integrated transponder (PIT) tag is an identification system that has been used in laying hens to measure feeding activity (Brännäs et al., 2001) and to follow visits of individual hens to nests and passages through pop holes in furnished cages (Wall et al., 2004) .
The aim of this study was to evaluate the long-term effects of sand versus sawdust as litter in furnished cages using 2 bird genotypes. Measures focused on hens' use of litter, plumage condition and heterophil/lymphocyte ratio (H/L). The hematological stress indicator H/L is expected to increase if hens experience mild to moderate long-term stress (Maxwell, 1993) . The PIT tag technique was used to follow an individual hen's frequency of visits to the litter bath during the entire production cycle.
MATERIALS AND METHODS

Housing
The study was carried out in modified commercial designs of furnished cages with 14 birds, enriched with 2 nests, 1 litter bath, and 2 perches (see Figure 1) . Each cage being 84 cm wide and 100 cm deep (nest and litter bath not included) fulfilled the Swedish requirement of 600 cm 2 of cage area per bird housed. At one end of the cage, 2 nest boxes were positioned back-to-back. A litter bath measuring 50 × 50 × 23.5 cm (width × depth × height) was placed on top of the roof area of the nests in adjacent cages, placed side-by-side ( Figure  1 ). The design of the cage has been further described by Wall et al. (2002) . The front and rear of the litter bath were made of transparent material (acrylic glass) to allow more light in. Access to the litter bath was restricted by a time-controlled door, sliding sideways and upward when opening. After closing, birds inside the litter bath could leave by pushing the door open. From 16 to 21 wk of age the litter bath was available from 1300 to 1730 h. Thereafter, the door opened 30 min earlier every week until 24 wk, when it opened at 1100 and closed at 1730 h. It then opened 8 h after lights on and closed 30 min before lights-out.
Birds, Rearing, Lighting, and Management
The study used 112 Hy-Line White W36+ (HYW) and 140 Hy-Line Brown (HYB) layers. The pullets were reared in conventional rearing cages and, in accordance with prohibition in Sweden, beak trimming was not carried out. At 16 wk the pullets were transferred to the experimental building where they were housed in groups of 14 in the furnished cages described above. At this age, light was on between 0800 and 1800 h. Thereafter, light was increased weekly by 30 min in the morning until 24 wk, when light was on between 0300 and 1800 h. Light intensity was increased for 6 min at lights-on in the morning to imitate dawn and dimmed for 6 min in the evening to imitate dusk.
During rearing, the pullets were fed a conventional grower crumbled diet. From 17 wk until slaughter the birds received a normal layer crumbled diet with a calculated content of 15.9% CP, 2,700 kcal (11.3 MJ) ME per kg, 3.5% Ca, and 0.6% P. Feed was distributed by automatic chain feeders 4 times a day. Eggs were collected daily by hand. Twice a week, manure was removed with belts, and litter baths were replenished with sand or sawdust. The study lasted from 20 to 80 wk of age.
Recording of Data
The study included a total of 18 cages, 10 of which housed HYB hens and 8 HYW. Measurements of mortality, birds' exterior appearance, BW, and direct observations of litter bath use were performed on all 18 cages, resulting in 4 or 5 replicates for each combination of genotype and litter bath substrate. Observations of an individual hen's daily visits in the litter bath by use of the PIT technique and measurement of H/L ratios were conducted in 12 of 18 cages, resulting in 3 replicates for each combination of genotype and litter substrate.
H/L Ratios. On 7 consecutive days at 37 wk, 2 birds per cage were caught and sampled for blood each day. Before being returned to the cage, sampled birds were marked with a leg ring to avoid catching them again. Blood was collected from the wing vein using a 2-mL syringe and 0.8-mm-gauge needle. The blood, approximately 1.5 mL, was gently ejected into tubes coated with lithium heparin anticoagulant and stored chilled. Blood collection took place in the poultry house and the procedure from catching the bird until blood was in the tube averaged 2 min. Blood smears were prepared in the laboratory. After drying, the smears were stained using May-Grunewald-Giemsa stain. Two hundred leukocytes, including heterophils, eosinophils, basophils, lymphocytes, and monocytes were counted at ×40 (oil immersion lens), and H/L was calculated.
Mortality, Exterior Appearance, and BW. All hens that died were subjected to autopsy and dead birds were not replaced. Recording of bird BW and scoring of external appearance were carried out at 54 wk on all birds in each cage. The traits scored for were condition of feather cover (neck, breast, back, wings, tail, and cloaca), wounds on the comb and around the cloaca, cleanliness of feet and plumage, and condition (length) of claws. The scoring system assigned values of 1 to 4 points for each trait (Tauson et al., 2005) , where a score of 4 implied the best and a score of 1 the worst condition. Scoring followed the standard scale described by Tauson et al. (2005) . The 6 parameters for plumage condition were summarized, implying a total score ranging from 6 to 24 points.
Direct Observations of Litter Baths. An observer walking slowly along the battery row recorded the number of birds in the litter bath and the number of birds dustbathing there 4 times a day; observations were made 15 and 45 min after the opening (i.e., in the late morning) and 75 and 45 min before the closing of the baths (i.e., in the afternoon). The observations were performed on 2 consecutive days at 33 and 50 wk. Hens were recorded as dustbathing if they were lying on the side or performing vertical wing shaking, bill raking, or side rubbing. Before conducting the statistical analysis, mean percentages were calculated for morning and afternoon observations, respectively, at each age.
Recording of Use of Litter Baths by PIT Tag Technique. Fundamentals of the PIT tag technique have been described in Prentice et al. (1990) , and an adaptation of the technique for use in furnished cages for layers was made by Wall et al. (2004) . In the present study antennas were made of thin, insulated copper wire coiled around a tube of polyvinyl chloride with a length of 70 mm and diameter of 150 mm (Wall et al., 2004) . In 12 of 18 cages, the opening of the litter bath was fitted with an antenna connected to a decoder (LID 604, System Trovan, AEG Identificationssysteme GmbH, Ulm, Germany), whereas litter baths in the remaining cages were fitted with identical tubes of polyvinyl chloride. At 16 wk, a PIT tag (ID 100, System Trovan) was implanted subcutaneously on the backs of 168 hens, under a local anesthetic. The tag was implanted as parallel to the backbone as possible approximately 12 cm from the rump of the hen. The PIT tag was activated when the hen passed through the antenna. Occasionally, hens were recorded while inside the litter bath. This occurred when the back of a hen became positioned in the litter bath opening; for example, when a bird scratching took a step back. Therefore, the analyses of individual hens' use of the litter bath were based on the number of days recorded in the bath. When the study ended, all birds were killed by neck dislocation following stunning, and the function (working or not working) and position of their PIT tags were checked. Also, records were made of birds in which the transponder was not located.
Statistical Methods
All statistical analyses were performed using SAS software (release 9.1, 2002 -2003 SAS Institute Inc., Cary, NC) . Birds recorded using the litter bath on more than 300 d during the 420-d recording period were considered as high frequency users (HF). For each replicate (i.e., cage), the percentage of HF hens was calculated.
To satisfy assumptions of normality, mortality rates and percentages of birds in the litter baths and percentages of birds dustbathing in the facility in the direct observations were subjected to arcsin transformation (Snedecor and Cochran, 1989 ) before statistical analyses. The statistical analyses were performed using PROC MIXED of SAS. Fisher's protected least significant difference test with Bonferroni's adjustment for multiple pair-wise comparisons was used to analyze individual differences between treatments. The traits mortality, bird BW, exterior appearance, H/L ratios, and percentage of HF hens were analyzed with the following model:
Y ijk = μ + a i + b j + (ab) ij + e ijk where Y ijk = response variable; μ = overall mean; a i = effect of genotype (HYB or HYW); b j = effect of litter substrate (sand or sawdust); and e ijk = random variation..
The percentage of birds in the litter baths and percentage of birds dustbathing in the facility in the direct observations were analyzed as above, but with bird age (33 or 50 wk) and t = time of day (late morning or afternoon) included in the model.
RESULTS
Mortality, Exterior Appearance, and H/L Ratios
Red mites (Dermanyssus gallinae), most likely brought into the house by the pullets, caused some losses of birds. The outbreak could not be effectively treated because metriphonate (Neguvon, Bayer AG HealthCare, Monheim, Germany) was withdrawn from the Swedish market before the study began. According to the autopsies, anemia was the primary cause of death in 10 of the 29 hens that died during the study. There was no indication that mortality caused by anemia differed between treatments. Mortality rates, exterior appearance, and H/L ratios are presented in Table 1 . Plumage hygiene and wounds around the cloaca were not included in the analyses because they did not fulfill the criteria of normal distribution: almost all of the birds had the greatest (best) possible score. The HYW birds had a greater score for feather cover; that is, better feather condition than HYB birds. The HYB hens were heavier than HYW, had fewer wounds on their combs, and had shorter claws. The HYW hens in cages with sawdust in the litter bath had significantly lower BW and longer claws than HYB hens housed in cages with sand or sawdust as litter bath substrate. A significant genotype × litter interaction was found also in H/L ratio, but none of the pairwise comparisons were significant. Other than these interactions, litter substrate had no significant effect on any of the parameters. 
Use of Litter Baths
Of the 168 birds marked with transponders, 18 died during the study. According to the examination at the end of the trial, tags were missing in 24 birds, out of position in 6, and not working in 2 birds. Of the 118 transponder hens that were alive throughout the study and had PIT tags found in position and functioning, 36 hens (i.e., 30%) were never recorded in the litter bath. In each cage, between 6 and 14 hens were transponder hens and those were considered as a representative sample of that replicate. Figure 2 illustrates the distribution in frequency of visits to litter baths for the combinations of litter substrates and genotypes. Evidently, most birds (92%) were recorded using the litter baths on either <100 d (57 birds, including those never recorded) or >300 d (51 birds). The percentage of HF users (hens with litter activity in more than 300 d) was not affected by either genotype or litter substrate (Table 2 ).
In the direct observations, a maximum of 4 hens were seen together in the same litter bath, but this occurred only occasionally. Most likely, more than 4 of the 14 hens could not be inside the bath at the same time and hence, the maximum possible use was 29%. Because the animal caretaker walked along the battery rows several times a day when carrying out daily management routines, hens were accustomed to humans and there was no indication that the presence of the observer affected hens' visits to dustbaths or their dustbathing behavior. According to the direct observations, hens visited litter baths with sand or sawdust to the same extent but dustbathing was more frequently observed in litter baths with sawdust compared with sand (Table 2 ). In the direct observations, birds of the 2 genotypes were inside the litter baths to the same extent but dustbathing was seen more frequently in HYB hens. The percentage of dustbathing birds was (P ≤ 0.001) greater in the late morning (2.3%) than in the afternoon (0.25%). However, there was no difference in the percentage of birds being inside the litter bath in the late morning (8.4%) and in the afternoon (7.4%). A greater percentage of birds was found in the bath (P ≤ 0.01) at 33 wk (9.7%) compared with 50 wk (6.2%), but there was no difference in the percentage of birds dustbathing at the 2 time points (data not shown in tables). For 29% of the observations, on average, litter baths were empty (i.e., no hen was inside).
DISCUSSION
The mortality rates in the present study were considerably greater than those reported in other studies on furnished cages of similar design (Wall et al., 2002) as well as in furnished cage models used in practice (Wall and Tauson, 2007) . According to the autopsy findings, anemia caused by the presence of red mites increased the mortality rates considerably.
Based on the proportion of hens inside the litter baths in the direct observations, sand and sawdust seem to be perceived as equally attractive to the hens. This is supported by the results in the transponder study, in which the proportion of hens showing high litter bath activity did not differ significantly between the substrates. In fact, the only difference found between the litter substrates was the greater proportion of hens performing dustbathing behavior in litter baths with sawdust in the direct observations. This may indicate that both substrates are equally accepted for foraging behaviors, whereas sawdust is preferred to sand for dustbathing. De Jong et al. (2007) concluded that hens may be more particular in their preferences for substrates for dustbathing than for foraging. The presence of red mites might have affected the overall frequency of litter bath visits and performance of dustbathing behaviors in all groups of hens, but likely did not alter possible relative differences between litter substrates.
There was no indication of differences between sand and sawdust as litter substrates in mortality rates, exterior appearance, or H/L ratio. Likely, the general well-being of the birds was impaired by the presence of red mites; we cannot exclude the possibility that this, in turn, might have leveled out possible differences between litter substrates and genotypes in some of the measured traits. Some genotype × substrate interactions did occur but there are no obvious explanations as to why the HYB and HYW genotypes responded differently to sand and sawdust in bird BW, claw length, and H/L ratio.
Some of the differences between HYW and HYB may relate to genotype differences in the hens' physiology. The presence of comb wounds, as a result of pecking among hens in a group, is an indication of the level of aggression. The difference in this trait found between the genotypes in the present study agrees with other studies comparing white and brown genotypes (e.g., Abrahamsson and Tauson, 1995) . Generally, white genotypes have considerably larger combs than brown. An aggressive peck (i.e., a peck toward the head of a hen) is more likely to hit the comb if the comb is large, as is the case in white genotypes. Medium-heavy brown hybrids are generally heavier and have shorter claws than white hens, and the genotype differences found in those traits are in agreement with other studies (e.g., Abrahamsson et al., 1996a) .
The better feather cover found in HYW hens compared with HYB indicates that feather pecking was more pronounced in the brown genotype. Genotype differences in feather pecking are a common finding (e.g., Abrahamsson et al., 1998) .
There were no indications of hygiene differences between hens housed in cages with sand or sawdust in litter baths. However, in the present study, hygiene was measured only as visible dirt on plumage and feet. Another aspect of hygiene is the load of microorganisms in the housing environment, which may vary with housing system (Wall et al., 2008) . We cannot exclude the possibility that the choice of litter substrate affected the presence of different microorganisms and, in turn, the microbial load of eggshells.
With the exception of 10 birds that visited the litter bath on between 100 and 300 d of the 420 d, birds made use of the litter bath either to a large extent or a low extent in terms of number of days with litter bath activity (Figure 2 ). In studies of hens housed in pens on straw (Vestergaard, 1982) or on wooden slats with access to a compartment containing sand (Van Liere and Bokma, 1987) , birds dustbathed, on average, every other day. In the study by Vestergaard (1982) , all 14 birds in the pen dustbathed during the 10 d observed, but the frequency ranged from 2 to 9 d, indicating a large variation between individual birds. In the present study, we do not know how often visits to the litter bath actually resulted in dustbathing. However, a considerable percentage of birds (30%) never visited the litter bath, and the question arises of whether some birds, likely the low-ranked birds, were prevented from entering the litter baths by other birds. In a study in furnished cages of experimental design, Shimmura et al. (2007) found that dominant individuals used the litter bath more and performed more dustbathing than subordinate birds. However, in our study, the litter bath was empty in 29% of the direct observations, so the differences in birds' use of litter were probably not caused by social competition. Similarly, Olsson and Keeling (2002) concluded that social competition was not the reason why birds in furnished 8-hen cages performed sham dustbathing, because birds dustbathed on the wire floor although there was no hen inside the litter bath. Also, in furnished cages used in practice with a similar location of the litter bath, a considerable percentage of litter baths (more than 40%) were not used when observed 30 min after being opened (Tauson and Holm, 2002) . In other designs where the litter bath was situated on the cage floor and open along its long side (i.e., easier to enter), greater use of litter has been reported (van Niekerk and Ruevekamp, 2000; Tauson and Holm, 2003) .
Use of litter baths in furnished cages is thought to be affected by group size (Abrahamsson and Tauson, 1997) , size of litter bath (Abrahamsson et al., 1996a) , width of the opening to the bath (Olsson and Keeling, 2002) , and age at which cage-reared birds are given access to the litter bath (Abrahamsson et al., 1996a) . In the present study, the experimental design of the litter bath opening (i.e., the limited width and height of the antenna tube) may have made it more difficult for hens to learn how to enter the bath. Difficulties in learning how to use experimental doors have been observed in earlier experiments (e.g., Wall et al., 2004) . On the other hand, if the motivation to reach the litter had been high enough, it is remarkable that birds did not overcome such difficulties as time went on, especially as hens are found to be willing to work for litter to perform dustbathing or pecking and scratching (Bubier, 1996 , Gunnarsson et al., 2000 Widowski and Duncan, 2000) . However, hens' behavioral need for litter has been questioned (Lagadic and Faure, 1987; Faure, 1991) and there is no agreement on this issue.
In the present study, the birds that visited the litter bath on only a few days during the whole study clearly knew how to get into the bath, but for some reason did not make regular use of it. An interesting question is whether these birds did not perceive the litter bath design or the substrate attractive, either for dustbathing or foraging behavior, or did not have the same behavioral need for litter as the birds that visited the bath regularly. However, in the present study the position of the PIT tag on the back of the hen was chosen to ensure that records were generated only when birds passed through the opening of the bath. We cannot exclude the possibility that birds that were never or seldom recorded in the litter bath actually made some use of litter by standing on the perch and stretching their head into the bath to peck on the litter, and hence were not totally deprived of litter. Appleby and Hughes (1995) found that birds in furnished cages pecked at the litter while standing on the perch for a median of 6 min per bird and day. In the present study, reaching the substrate from the outside was probably more difficult because birds would have to stretch their heads through the 70-mm-deep antenna before the litter could be reached.
When access to litter is unrestricted, initiation of dustbathing has a peak 6 to 7 h after lights-on (Vestergaard, 1982) . This may explain why, in the present study, most dustbathing was observed in the late morning compared with the afternoon. In the present study, the litter baths were opened 8 h after lights-on, after the assumed peak of egg laying (Lillpers, 1991) , to avoid eggs being misplaced. Although being opened close to the proposed peak of dustbathing, this routine in practice may not quite harmonize with the diurnal rhythm of some birds.
In conclusion, according to the number of days that individual birds visited the litter bath during this longterm study, they used the resource either to a high or low extent. This suggests a large variation in the individual bird's need for litter or in their acceptance of the litter baths used (i.e., regarding the location in the cage or the design). The only difference found between the litter substrates was the greater proportion of hens performing dustbathing behavior in litter baths with sawdust compared with sand. It is possible that the presence of red mites affected some of the measured variables. However, although the hens' overall use of litter may have been affected, possible differences between the litter substrates regarding hens' use were probably not altered. The proportion of hens visiting litter baths, feather cover, hygiene, H/L ratios, or mortality rates was not affected by litter substrate used. Hence, sawdust seems to be an acceptable substitute for sand as a litter substrate in litter baths in furnished cages.
